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Appendix D. Activity and Radioactive Material Limits - Basic Al /A2 Values

1. Determination of A2 Mission Multiple.

The A2 multiplier for each radioactive source is based upon the International Atomic Energy Agency (IAEA), Safety Series Number 6, Regulations for the Safe Transport
of Radioactive Material, 1985 Edition as amended in 1990, Section Ill, paragraphs 301 through 306, and summed to determine the A2 mission multiple.

Table | of this Appendix contains the referenced IAEA document section which tabulates the A2 values for specific isotopes and forms of radioactive material. Except as
noted, for radioisotopes whose A 2 limit in Table | is "Unlimited" or is unlisted, the value of 3.7x10-2 teraBecquerals (TBq) (1.0 Curies (Ci)) shall be used as the A2 value.

Exceptions are Sm-147, use 9x10-4 TBq (0.024 Ci) and Th-232, use 9x10-5 TBq (0.0024 Ci) as their respective A2 values.
The A2 mission multiple shall be determined as follows:

A, Mission Multiple = 3 (Radioactive Source, Activity) / Source, Isotopic A, Value)
n

where n represents each source or line on the report in paragraph 5.4.1.2 for each radioactive material on the launch vehicle and spacecraft.
2. Values of A1 and A2 for individual radionuclides, which are the basis for many activity limits elsewhere in this NPR, are given in Table I.
This section has been reproduced with permission of the IAEA.

DETERMINATION OF A1 AND A2

3. For individual radionuclides whose identities are known, but which are not listed in Table |, the determination of the values of A1 and A2 shall require competent
authority approval or, for international transport, multilateral approval. Alternatively, the values of A1 and A2 in Table Il may be used without obtaining competent
authority approval.

4. In the calculations of A1 and A2 for a radionuclide not in Table |, a single radioactive decay chain in which the radionuclides are present in their naturally occurring
proportions and in which no daughter nuclide has a half-life either longer than 10 days or longer than that of the parent nuclide shall be considered as a single
radionuclide, and the activity to be taken into account and the A1 or A2 value to be applied shall be those corresponding to the parent nuclide of that chain. In the case
of radioactive decay chains in which any daughter nuclide has a half-life either longer than 10 days or greater than that of the parent nuclide, the parent and such
daughter nuclides shall be considered as mixtures of different nuclides.

5. For mixtures of radionuclides whose identities and respective activities are known, the following conditions shall apply:
(a) For special form radioactive material:

> B(i) / Au(i) less than or equal to 1
i

(b) For other forms of radioactive material:

> B(i) / Az(i) less than or equal to 1
i

where B(i) is the activity of radionuclide i and A1(i) and A2(i) are the A1 and A2 values for radionuclide i, respectively.

Table I. A1 And A2 Values for Radionuclides

Symbol of Element and A, (TBqg) A CH) A, (TBg) A, (Ci)
radionuclide atomic number (approx. %) (approx. %)
A (b)* Actinium (89) 0.6 10 1x107°2x 10" 10

T Ac 40 1000 2x 105 x 10

Ac 0.6 10 0.4

MAg Silver (47) 2 50 2 50

R Agn 0.6 10 0.6 10
HBAg® 0.4 10 0.4 10
Ag 0.6 10 0.6 10
Al Aluminum (13) 0.4 10 0.4 10

. Americium (95) 2 50 2x 10°5x 107

*Am® 2 50 2x 10°5x 107
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*Am

TAr
BAr
*Ar
QAL )
TAs
rvs
MAe
Ly
T Ag

At

*  Note: (b) indicates a footnote at the end of Table I: this form is used to avoid confusion with the superscript m.

Symbol of
radionuclide

BT AT
™ Au
173 Ixu
7B A
1A
17 A

11 Ba
|]JBam
|]JBa
1B (b)
"Be

IDB‘:

mp;
wep;
wg;
oge ()
uog;
1R ()

Rk
Rk

"R
"Br
=gy

||c
|4c
‘lca
“Ca
‘?Ca

=g
1 ge
NnaCge
g

170,
14
14,
140 (B)

woF
“eOF
Loof

Symbol of
radionuclide

IB]
=]

el
M om
om
I
M40
M0m
“50m
om
“em

.\.\Co
.\ECG
b?co
b!com
.\BCO
®Co
.\lcr
|?9Cs
I:“CS
IJTCS

13 o
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Argon (18)

Arsenic(33)

Astatine (85)

Element and
atomic number

Gold (79)

Barium (56)

Beryllium (4)

Bismuth (83)

Berkelium (97)

Bromine (35)

Carbon (6)

Calcium (20)

Cadmium (48)

Cerium (58)

Californium (98)

Element and
atomic number

Chlorine (17)

Curium (96}

Cobalt (27)

Chromium (24)
Cesium (55)

30

50

1000
500
10

5

5
1000
20

5
500

800
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2x 10°5x 107

40
20
0.6
02

2

1000
500
10

5

3
1000
10

5

10

50

A, (Ci)
(approx. %)
100

20

200

50

10

20

50
20
20
10

500
10

10
8
10

10
8

10

10
50

1000

10
20

10
100

10

A (Ci)
(approx. )
10

20

100
1000
20

A (CD) Aq (TBa)
(approx. )
100 6
20 1
200 10
50 2
80 05
200 08
50 2
200 09
80 3
10 0.4
500 20
500 0.5
10 0.6
8 03
10 0.7
8 Ix 1078 x 107
10 0.5
8 03
50 2x 105 x 107
1000 gx 1072
8 03
80 3
10 0.4
20 05
1000 2
1000 40
1000 08
20 05
1000 1
500 Ox 1072
g 03
100 05
100 6
200 05
10 05
5 02
800 Ix 1078 x 107
50 2x 1075 x 107
100 5x 10*1 x 107
_________________________________ SO 2x10%5x107
2 1x 1072 x 107
1000 6x 1071
6x 10 x 107
AC) A (TBq)
(approx. %)
500 05
5 02
1000 2x 10 x 107
50 09
1000 lx 1072 x 107
80 Ix 108 x 107
100 4x 10%1 x 107
50 2x 105 x 107
50 2x 105 x 107
50 2x 10%5x 107
1x 107
5x 107
10 05
8 03
200 b
1000 40
20 1
10 0.4
800 30
100 4
1000 40
20 1
9

A (TBg)

6

1

10

2

3

10

2

10

3

04

20

20

0.6

03

0.7

03

0.6

03

2

40

03

3

04

1

40

40

40

09

40

20

03

4

6

10

06

02

30

2

5

2

0.1

40

3x 107 x 107
A (TBg)
20
02
40
2
40
3
4
2
2
2
4x 1071
0.5
03
&
40
1
04
30
4
40
1
40

200
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1705 (b)

Dy (b)

Symbol of
radionuclide

12p
“Fe (b)
NFe

.'I9FC
Fe

57Ga
®Ga
?TGa

4Gd (b)
254
1954
19034

™
e
1appm (b)
N

Symbol of
radionuclide

125y
1507
19
199
1941
R
ag
YK

[EL
1407 o

LSA

17,
171y
174]
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Copper (29)

Dysprosium (66)

Erbium (68)

Europium (63)

Element and
atomic number

Fluorine (9)
Iron (26)

Gallium (31)

Gadolinium (64)

Germanium (32)

Hafnium (72)

Mercury (80)

Holmium (67)

lIodine (53)

Indium (49)

Element and
atomic number

Iridium (77)

Potassium (19)

Krypton (36)

Lanthanum (57)

Low specific
Lutetium (71}

v.o

0.5

20

40

0.6
03

6
09
20
2

Unlimited

A (TBg)

02

40
04

activity material

0.5
8
20

it nodis3 gsf nasa gay
i uo 1
1000 09 20
10 05 10
50 05 10
100 09 20
200 09 20
500 20 500
10 05 10
8 03 8
1000 09 20
10 05 10
50 2 50
10 05 10
500 20 500
_________________________ 10 0T 0
10 0.6 10
20 09 20
20 08 10
500 2 50
10 05 10
: A, (TBg) Aq (Ci)
ACD (approx. %) (approx. *)
20 0.5 10
5 02 5
1000 40 1000
20 08 20
1000 02 5
100 6 100
8 03 8
10 04 10
10 0.4 10
80 Ix 1078 x 107
200 5 100
100 0.5 10
8 03 8
1000 40 1000
8 03 8
10 03 g
80 3 20
50 09 20
100 Ix 1078 x 107
20 1 20
100 3 100
200 09 20
200 10 200
100 09 20
1000 40 1000
10 03 8
8 03 8
100 6 100
20 09 20
500 2 50
50 09 20
80 Unlimited 10
10 0.5 10
10 04 10
____________________________ 8 05 8
10 03 10
0.5
50 2 50
100 4 100
8 03 8
100 09 20
, A, (TBq) A, (C1)
C ?
A (approx.®)  (approx. %)
200 10 200
10 0.7 10
20 0.5 10
200 10 200
5 02 5
10 0.6 10
5 02 5
20 0.5 10
1000 40 1000
100 6 100
500 10 200
5 02 5
1000 2 50
10 04 10
(see paragraph. 131 of Parent Document)
10 05 10
200 8 200
500 8 200
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1]
17,

MFP

Mg (b)

“Mn
Mn
“nn
*Ehin

Mo
Mo

Ny
ey

N

Nb

149N
144
**Ni
SINi
SNi

Symbol of
radionuclide
'!:I.\N

'!:ISNi

'!:I'.‘Np

qup

I!.ic's
I9losm
I9I0s

I9:I0s

"™0s (b)
:I'IP

:I:IP

uopg
Hpg
Wpy

0 py
W
wp,
i
opy (&)
1py &)

Mpg
1Mpg
1pg

14pm
144pm
14 pm
19 pm
14
14pm
4 Pm

wp,
P,
op,

141pyp
141y

12pt (k)
17 py
17y
171 py
17y
197 pyn

| 197 py

Symbol of
radionuclide

?]Ep.u
?]?P.u
?]51)“
?]91)“
?401)“
4 P.u
'lﬂp.u
Py (b)

WRa (b)
Ra (b)
Ra (b)
ERa (b)
Ra (b)

Dk
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For mixed fission
Magnesium (12)
Manganese (25)

Molybdenum (42)

Nitrogen (7)
Sodium (11)

Niobium (41)

Neodymium (60)

Nickel (28)

Element and
atomic number

Neptunium (93)

Osmium (76)

Phosphorus (15)

Protactinium (91)

Lead (82)

Palladium (46)

Promethium (61)

Polonium (84)

Praseodymium (59)

Platinum (78&)

Element and
atomic number

Plutonium (94}

Radium (88)

Bahidimm (AT

8
30

products, use

02

03
Unlimited
1

02

A/ (TBg)

03
40

2
0.6
5

1

40

3
Unlimited
0.6

03

40
Unlimited
0.6

02
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200 4 100
800 09 20
formula for mixtures or Table II
5 02 5
8 03 g8
Unlimited
20 1 20
5 02 5
1000 7 100
10 0.5 10
10 0.5 10
10 05 10
5 02 5
0.7 10
10
05 10
05 10
05 10
40 1000
30 800
03 8
A(Ci) A, (TBg) A, (Ci)
(approx. %) (approx. %)
1000 40 1000
100 lx 1072 x 107
50 2x 1045 x 107 10
100 05
20 1 20
1000 40 1000
200 09 20
10 05 10
5 02 5
8 03 g
1000 09 20
50 0.1 2
10 6x 101 x 107 20
100 09
20 1 20
1000 2 50
80 3 &0
Unlimited
10 9x 102107, g
8 -
1000 40 1000
Unlimited 10
10 0.5
80 3 80
10 0.6 10
800 7 100
1000 09 20
10 05 10
10 0.5 10
80 0.5 10
1000 2x 105 x 107
1000 2x 105 x 107
1000 2x 105 x 107
5 02 5
100 05 10
10 0.6 10
80 3 80
1000 9 200 1000
1000 40 50
200 2 20
200 09 10
500 05
ACi) A (TBq) A (Ci)
(approx. %) (approx. )
100 Tx 10 1x 107
500 20 500
50 2x 105 x 107
50 2x 105 107 5y 107
50 2x 10
1000 lx 1072 x 10"
50 2x 105 x 107
8 2x 105 x 107
10 Ix 1078 x 107
8 Gx 1071
10 2x 1075 x 107
8 2x 1075 x 107
10 4x 1071
an na a0
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*Rb
Rb
*Rb
-2 R‘b
Rb (natural)

12 R.E

IMR_em

IMR_E

IBSR_E

[k R_e

IHR_E

IB?R_E

Re (natural)

*Rh
|D|R_h
|D1R_hﬂ
|D1R_h
|WR_hﬂ
|mR_h
R (b)
*Ru
IDEIR_U
|NR_.LI

I®Ry (b)
ng

112G}
I?‘S‘b

Symbol of
radionuclide
8¢

8¢

tﬂSc

2S¢

SCO

tige
ge

gg
ng;

em
em
Slem
1gm

1
II?:m(b)
II9Snm
I'!ISnm
I'!.\Sn
I'!SSn (b)
ng, (®)
Mg
M8y
!'.‘Srm
!'9Sr

St (b)
9'3!

7St (b)
T (all
forms)

1 Ta
1°Ta
12Ty

TR
12T
"*Th

Symbol of
radionuclide

9.\Tcm
*Tc= (b)
*Tc

"Te

*Tc
*Tc*
*Tc

12T be

12T
11Te

11
125 s

=roseoceaomaae sy

Rhenium (75)

Rhodium (45)

Radon (86)
Ruthenium (44)

Sulfur (16)
Antimony (51)

Element and
atomic number

Scandium (21)

Surface
Selenium (34)
Silicon (14)

Samarium (62)

Tin (50)

Strontium (38)

Tritium (1)

Tantalum (73)

Terbium (65)

Element and
atomic number

Technetium (43)

Tellurium (52)
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2

1

03
Unlimited
Unlimited
5

3

1

4
Unlimited
02

4

Unlimited

Unlimited
0.7

2

40

02
5
2

)
an

bttp-/inodis3 gsfe nasa goy
50 2 50
20 09 20
8 03 8
Unlimited
Unlimited
100 5 100
80 3 80
20 1 20
100 05 10
Unlimited
3 02
100 0.5 10
Unlimited
50 2 50
100 4 100
50 09 20
10 05 10
1000 40 1000
200 09 20
5 4x 1071 x 107
100 4 100
50 09 20
10 0.5 10
5 02 5
1000 2 50
8 03 8
10 05 10
............................ 50 08 20
10 04 10
A(TBy) AC)  A(TBY A (Ci)
(approx. %) (approx. %)
05 10 0.5 10
05 10 0.5 10
9 200 0.9 20
03 8 03 8
contaminated objects (see 144 of Document)
parag. Parent
3 80 3 80
40 1000 2 50
0.6 10 0.5 10
40 1000 02 5
20 500 20 500
Unlimited Unlimited
40 1000 4 100
4 100 0.5 10
4 100 4 100
6 100 2 50
40 1000 40 1000
40 1000 0.9 20
0.6 10 0.5 10
02 5 02 5
03 8 03 8
02 5 02 5
5 100 5 100
2 50 2 50
3 80 3 80
0.6 10 0.5 10
02 5 0.1 2
03 8 03 8
08 5 0.5 10
40 1000 40 1000
1 20 1 20
30 800 30 800
0.8 20 0.5 10
40 1000 10 200
1 20 0.7 10
09 20 0.5 10
A (Ci) A (TBq) Aq (C1)
(approx. %) (approx. %)
50 2 50
10 0.4 10
10 0.4 10
1000 40 1000
Unlimited
10 0.7 10
200 8 20
1000 0.9 20
5 0.2 5
100 5 100
50 2 50
100 7 100
2nn o 0n
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n?-i—im by

20 500
'""'Te 20 50
'"*Te* (b) 0.6 10
"*Te 0.6 10
' Te 0.7 10
'Te (b) 04 10
TTh Thorium (90) 9 200
2Th (b) 03 8
it 03 8
°Th 2 50
A'Th 40 1000
?:I?'I"h
T (b) Unlimited 5
Th (natural) 02

Unlimited
“Ti (b) Titanium (22) 0.5 10
0T Thallium (81) 0.8 20
s 10 200
Ty 2 50
™Tq 4 100
""" Tm Thulium (69) 7 100
'®Tm 0.8 20
'"""Tm 4 100
T An 1nnn
Symbol of Element and A, (TBqg)
radionuclide atomic number
uey Uranium (92) 40
?]?U 3
?]]U 1 0
?:IQU 1 U
i) Unlimited ©
bt 10
U (natural}) Unlimited
U (enriched 5% or less) Unlimited
U (enriched more than 5%) Unlimited ©
U (depleted) 10

Unlimited

=y Vanadium (23) |03
=y 40
'"Wib) Tungsten (74) 1
IBIW 30
' 40
IB?W 2
=W (b) 02
'"2¥e (b) Xenon (54) 02
'1¥e 02
.G 4
e 40
e 20
e 4
=y Yttrium (39) 2
=y 04
Yy 0.2
9|Ym 2
Y 03
Y 02
=y 0.2
“¥h Ytterbium (70) 3
I'.‘.\Y'b 30
&Zn Zinc (30) 2
Zn® (b) 2
=Zn 4
=7r Zirconium (40) |3
Zr 40
9}Zr 1
“Zr 03
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0.5 10

0.5 10

0.5 10

0.5 10

0.5 10

0.4 10

1x 1072 % 107

4x 10 x 107
Ix 1078 x 10

2x 105 = 107 20
0.9
Unlimited 5
0.2
Unlimited
0.2 &
0.8 20
10 200
2 50
0.5 10
7 100
0.8 20
0.5 10
m ann
A (C1) | A, (TBg) A; (C1)
(approx. *) (approx. *)
1000 1x 107%2x 10"
&0 Ix 108 x 107
200 lx 1072 x 107
200 lx 1072 x 107
Unlimited *
200 lx 1072 x 107
Unlimited
Unlimited *
P Unlimited “*
Ix 1072 x 107
Unlimited *
g 03 8
1000 |40 1000
20 1 20
&00 30 800
1000 |09 20
50 02 10
5 3
5 0.2 5
5 02 5
100 4 100
1000 |40 1000
500 20 500
100 4 100
50 2 50
10 0.4 10
5 02 5
50 2 50
g 03 8
5 02 5
5 02 5
&0 3 80
&00 0.9 20
50 2 50
50 0.5 10
100 0.5 10
20 3 20
1000 |02 5
20 0.9 20
& 03 8

2 The curie values quoted are obtained by rounding down from the TBq figure after conversion to Ci.
This ensures that the magnitude of A, or A; in Ci is always less than that in Thq.

B A, andlor A, value limited by daughter product decay.

< A and A, are unlimited for radiation control purposes only. Fornuclear criticality safety this material is subject to

the control placed on fissile materia

L

4 These values do not apply to reprocessed uranium.

Alternatively, an A2 value for mixtures may be determined as follows:

A, fora mixture=1/ Z f(i) / AL(D)

where f (i) is the fraction of activity of nuclide i in the mixture and A2 (i) is the appropriate A2 value for nuclide i.

Page L.of I

6. When the identity of each radionuclide is known but the individual activities of some of the radionuclides are not known, the radionuclides may be grouped and the
lowest A or A2 value, as appropriate, for the radionuclides in each group may be used in applying the formulas in paragraphs 3 - 5. Groups may be based on the total
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alpha activity and the total beta/gamma activity when these are known, using the lowest A1 or A2 values for the alpha emitters or beta/gamma emitters, respectively.
7. For individual radionuclides or for mixtures of radionuclides for which relevant data are not available, the values shown in Table Il shall be used.

TABLE Il. GENERAL VALUES FOR A1 AND A2

Contents A1 A2

TBq (Ci)a TBq (Ci)a

Only beta or gamma emitting 0.2 (5) 0.02 (0.5)

nuclides are known to be present

Alpha emitting nuclides are 0.1 (2) 2 x 10-5 (5 x 10-4) known to be present or no relevant data are available

aThe curie values quoted in parentheses are approximate values and are not higher than the TBq values
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